Background: Thyroid nodules have been reported up to 68% in adults using ultrasound examination. The American College of Radiology Thyroid Imaging Reporting and Data System (ACR TI-RADS) is founded on the evaluation of ultrasound (US) features in five categories: composition, echogenicity, shape, margin, and echogenic foci; the nodule's total points determine its risk level, which ranges from TI-RADS1 (TR1) (benign) to TI-RADS5 (TR5) (highly suspicious). In conjunction with the nodule's maximum diameter, the TR level determines whether to recommend a fine-needle aspiration (FNA) biopsy, a follow-up US examination, or no further action; our aim in this study was to apply ACR TI-RADS as a method for discrimination between benign and malignant nodules. Methods: We applied ACR TI-RADS template for 40 thyroid nodules, the total points given to thyroid nodules ranged from 0 to 14 points, then we compared our results with scintigraphy, fine-needle aspiration cytology (FNAC), and histopathological reports after surgery. Results: Of 40 thyroid nodules, 31 nodules (77.5%) were benign and 9 nodules (22.5%) were malignant; there was a statistically high significant trend of increasing risk of malignancy as the final TI-RADS level increased from TR1 to TR5 (P value < 0.001).
Background
The American College of Radiology (ACR) Thyroid Imaging Reporting and Data System (TI-RADS) is a reporting system for the evaluation of thyroid nodule by ultrasound (US) to determine management [1] . ACR TI-RADS is founded on the evaluation of five categories seen by the US, this includes composition, echogenicity, shape, margin, and echogenic foci; each feature is assigned 0-3 points. Features in the first four categories each have a single score, whereas more than one feature may be present in the echogenic foci category. The nodule's total points determine its risk level from TR1 (benign) to TR5 (highly suspicious) ( Table 1 ). In conjunction with the nodule maximum diameter, the TR level determines whether to recommend fine-needle aspiration (FNA), biopsy, a follow-up US examination, or no further action [2] (Table 2 ). Our aim of this study was to apply ACR TI-RADS stratification system as a method for discrimination between benign and malignant thyroid nodules.
Image analysis Composition
Composition refers to the presence of soft tissue or fluid, and the proportion of each. Spongiform nodules refer to the presence of tiny cysts resembling fluid-filled spaces in a wet sponge, and at least 50% of the nodule volume should be occupied by these cysts [3, 4] . In ACR TI-RADS, spongiform nodules are benign, with no further follow-up. Solid nodules are composed entirely or near entirely of soft tissue. Partially solid and partially cystic nodules are determined according to the percentage of the solid component which is highly subjective [2] .
Echogenicity
Echogenicity describes the level of echogenicity of the solid, non-calcified component of a nodule, compared to the thyroid parenchyma used as a reference, except for very hypoechoic nodules, in which the strap muscles are used as the basis for comparison [5] . If the nodule is of mixed echogenicity, it can be described as "predominantly" hyperechoic, isoechoic, or hypoechoic [6] .
Margin
Smooth margin is characterized by an even curvilinear edge. Lobulation and angulation both warrant two points. Extrathyroidal extension takes three points which is pathognomonic for malignancy. If the nodule's border is not clear, it is categorized as ill-defined and receives zero points.
Presence of echogenic foci
The presence of echogenic foci is seen in both benign and malignant lesions. They vary in size and shape and are divided into the following categories. Absence of echogenic foci or the presence of large comet tail artifacts is assigned zero points. Large comet Vshaped artifact of more than one mm is associated with colloids and is a reliable sign of benignity when found in the cystic components of nodules. On the other hand, small comet-tail artifacts should be treated as punctate echogenic foci (PEF) and therefore receive three points. If both types coexist in a nodule, the more suspicious one determines how many points to assign [2] . Macrocalcification is assigned one point. Peripheral (rim) calcifications are assigned two points. The presence of punctate echogenic foci is assigned three points. Because different echogenic foci can coexist in the same nodule, the points of all echogenic foci can be added together [1] .
Shape
Shape means wider than tall or taller than wide on an axial image. The goal is to ascertain whether the nodule has grown more front to back than side to side, which suggests that it has violated tissue planes and is therefore suspicious [7] .
Methods
A cross-sectional study was conducted at Ain Shams University hospitals from October 2017 to March 2018. Our study was approved by the ethical committee from the Radiology Department, Faculty of Medicine, Ain Shams University. The number of patients was 40. The age group ranges from 25 to 69 years old. The inclusion criteria were patients with one or more thyroid nodules that meet the TI-RADS template criteria, with no sex predilection. Exclusion criteria are as follows: patients with thyroid nodule less than one cm, patients with bleeding tendency, and pregnant patients. Full explanation of the procedure was given and written consent from all patients was obtained. Ultrasound of the thyroid gland was performed in three ultrasound machines (LOGIQ™ P7 and P9, GE Healthcare and Accuvix XG, Samsung) using a high-frequency probe (7-10 MHz). Axial and sagittal ultrasound scanning of the thyroid nodules was performed with the patient supine and head slightly extended. Imaging interpretation of thyroid nodules was done, guided by the American College of Radiology (ACR) Thyroid Imaging, Reporting and Data System (TI-RADS) Criteria including evaluation of five categories: composition, echogenicity, shape, margin, and echogenic foci.
To confirm the nature of the scanned thyroid nodules (either benign or malignant), one or more of the following were done:
1. Fine-needle aspiration cytology (FNAC) report:
FNAC was performed using a 26-gauge needle attached to a 10-ml syringe; two or three aspirations were performed on each nodule. 2. Surgical histopathology report 3. Thyroid scintigraphy results: where different neck image views were obtained using a gamma camera, 20 min after intravenous injection of 3-5 mCi of technetium 99m pertechnetate, while the patient was supine and hyperextended.
Statistical analysis was done using Statistical Package for the Social Sciences (IBM SPSS) version 23. The quantitative data were presented as mean, standard deviations, and ranges when their distribution was found parametric while with non-parametric distribution they were presented as median with inter-quartile range (IQR). The comparison between two independent groups with quantitative data and parametric distribution was done by using an independent t-test while with non-parametric distribution they were compared by using a Mann-Whitney test. The P value < 0.01 was considered highly significant.
Results
A total of 40 patients was included in the study, seven males (17.5%) and 33 females (82.5%). The mean patient age was 44.48 ± 11.04 years old (range 25-69 years). 21 patients (52.5%) had a solitary nodule while 19 patients (47. 5%) had more than one nodule (the thyroid nodule with the highest TI-RADS score was included in the study). Out of the 40 nodules included in the study, 31 nodules (77.5%) were benign and nine nodules (22.5%) were malignant nodules. Regarding benign nodules, scintigraphy done for five patients revealed two autonomous functioning nodules and three toxic multinodular goiters; cytology in 22 patients revealed eight colloid cysts\goiters, five colloid cysts with hemorrhage, two hemorrhagic cysts, and seven benign nodular hyperplasia (Fig. 1) ; and cytology followed by surgical histopathology in three patients revealed two benign multinodular goiters and one follicular adenoma (Fig. 2) . Surgical histopathology done for one patient proved nodular Hashimoto's thyroiditis (Fig. 3) . Regarding malignant nodules, cytology in 4 patients revealed 3 papillary carcinomas and 1 with atypical malignant cells (Fig. 4) . Cytology followed by surgical histopathology was done for 3 patients and revealed 2 papillary carcinoma and 1 follicular variant of papillary carcinoma. Surgical histopathology was done for 2 patients and revealed 1 micropapillary carcinoma and 1 follicular carcinoma (Fig. 5) (Table 3) .
The total points given to the thyroid nodules included in the study ranged from zero to 14 points. Our study showed that there was a statistically highly significant increase in the incidence of solid thyroid nodules, very hypoechoic thyroid nodules, taller than wider nodules, nodules having lobulated or irregular margins, nodules having extrathyroidal extension, and thyroid nodules with punctate echogenic foci in the malignant group than in the benign group with P values ˂ 0.001, 0.001, 0.001, ˂ 0.001, 0.007, and ˂ 0.001 respectively (Table 4) .
On the other hand, there was statistically high significant increase in the incidence of wider than taller nodules in the benign group than in the malignant group with P value = 0.001, and there was statistically significant increase in the incidence of cystic, mixed cystic and solid thyroid nodules, nodules having smooth margin, nodules having ill-defined margin, nodules with no calcifications, and thyroid nodules with large comet tail artifact in the benign group than in the malignant group with P values 0.018, 0.018, 0.005, 0.036, 0.02, and 0.049 respectively (Table 4) .
Our study showed that there was no statistically significant difference found between the benign and the malignant groups regarding the spongiform thyroid nodules, the nodules with isoechoic or hypoechoic texture, nodules with macrocalcifications, and nodules with peripheral calcifications.
The median of total points for the benign group was three with IQR from zero to eight while the median of total points for the malignant group was eight IQR from five to 13 (Table 5 ). The median of TI-RADS score for the benign group was TR 3 with IQR from one to five while the median of TI-RADS score for the malignant group was TR 5 with IQR from four to five. The risk of malignancy for TR4 and TR5 nodules was 11.1% and 66.6% respectively (Fig. 6 ). In our study, the best cut off point to detect malignant cases was five which corresponds to TR4 with a sensitivity of 88.89%, specificity 96.77%, positive predictive value (PPV) of 88.9%, and negative predictive value (NPP) of 69.8%. There was a statistically high significant trend of increasing risk of malignancy as the total points increased (P value < 0.001) and as the final TI-RADS level increased from TR1 to TR5 (P value < 0.001) ( Table 6 ).
Discussion
Ultrasound is the most commonly used imaging technique in the evaluation of thyroid nodules so it is essential to establish a lexicon that provides a structured method for evaluation of thyroid nodules whether the benign or the malignant group [6] . ACR TI-RADS is used as a guideline in stratification of thyroid nodules on the basis of their risk of malignancy [8] . The ACR TI-RADS guidelines were developed to facilitate a standard approach to assess nodular features and to decrease the variation seen in reporting of thyroid nodules in current practice among interpreters with varying levels of sonographic expertise and also to develop guidelines for further management. Five items were assigned (composition, echogenicity, shape, margin, and presence of echogenic foci) and the total points are summed to determine the overall TI-RADS level that ranges from one to five according to the risk of malignancy. For each level, a specific size cut off for FNA is recommended [1] . Our study included 40 thyroid nodules, and ultrasonographic appearance of the thyroid nodules was interpreted using a ACR TI-RADS template to determine whether they belong to the benign or the malignant group. Allocation of points for different sonographic findings mirrors the likelihood that those finding are associated with malignancy; these data were confirmed finally by scintigraphy and histopathological reports after FNA or surgical excision.
Malignancy is uncommon with predominantly cystic nodules [8] . Also, Ahn et al. [9] found that thyroid cancers are more likely to be solid or nearly entirely solid. In our study, all nodules with cystic changes (predominantly cystic) were benign, and there was a highly significant increase in the incidence of solid nodules in the malignant group than in the benign group (P value ˂ 0.001).
Regarding echogenicity, there were many studies that showed that the risk of malignancy is inversely proportional to nodule echogenicity; the more echogenicity, the less possibility of malignancy. Papillary and medullary thyroid cancer appears hypoechoic due to increased cellular impaction [10] . The exception to this theory is the follicular dominant pathology which is composed of small microfollicles and tends to appear hyperechoic [5, 11, 12] . In our study, there was a highly significant increase in anechoic and hyperechoic nodules in the benign group (P value = 0.025 and 0.036 respectively), while there was high increased incidence of very hypoechoic nodules in the malignant group (P value = 0.001) and there was no significant difference between the benign and the malignant groups regarding isoechoic and hypoechoic thyroid nodules; this could be related to the histological subtypes of neoplasms included in the study population rather than true frequency.
Middleton et al. [8] found that 12.9% of nodules with smooth margins and 44. 7% of nodules with a lobulated or irregular border were malignant. Irregular and lobulated margins are suspicious for thyroid malignancy [13] . We had comparable results in our study; we found that 11.1% of the malignant group nodules had smooth margins and 66.7% of the malignant group nodules had lobulated or irregular margins. It is important to assess extrathyroidal extension when evaluating thyroid malignancy. In our study, extrathyroidal extension was detected in two patients.
Regarding the shape, thyroid cancer is associated with nodules with a ratio of anteroposterior to transverse diameter greater than one in the transverse view. Specificity ranges from 82 to 93%; this means that it is a less suspicious nodule [9, 14] . In agreement with these previous studies, we found that there was a statistically high significant increase in the incidence of taller than wider nodules in the malignant group than in the benign group with P value 0.001 Middleton et al. [8] found that the risk of malignancy associated with peripheral calcifications, and punctate echogenic foci in solid nodules was 20.2% and 35% respectively; we had comparable results to those reported as we found that 11.1% of the malignant nodules had peripheral calcifications and 66.7% of the malignant nodules had punctate echogenic foci. Our study also agreed with Reading et al. [15] that macrocalcifications were found within both benign and malignant nodules yet more in the benign nodules.
Regarding the diagnostic accuracy of TI-RADS scoring system studied by Tressler et al. [1] , they found an increased risk of malignancy in thyroid nodules starting from TR3 (5%) to TR4 and TR5 (20%). Another study done by Middleton et al. [8] stated that the risk of malignancy is 4.8%, 9.1%, and 35%, for TR 3, TR4, and TR5 respectively.
In our study, we found that the best cut off point to detect malignant cases was 5 (corresponding to TI-RADS level 4) with a sensitivity of 88.89%, specificity of 96.77%, PPV of 88.9%, and NPV of 69.8%. A statistically significant trend of an increasing risk of malignancy was noted as the total points increased (P value < 0.001) and as the final TI-RADS level increased from TR1 to TR5 (P value < 0.001) ( Table 6 ).
Conclusion
The ACR TI-RADS scoring system is a simple and practical method for assessing thyroid nodules. It is easy to be applied in daily ultrasound practice, and it also has shown an excellent diagnostic accuracy for the diagnosis of malignant thyroid nodules in the present study. TI-RADS gives the surgeon an idea about the following step (followup\biopsy) as the aggregate risk of malignancy increased as the TI-RADS level increases from TR1 to TR5.
Study limitations
Our study was limited by the small number of patients; also, other features that are not included in the ACR TI-RADS template such as the presence of peripheral halo, pattern of nodular vascularity, and the emerging ultrasound elastography techniques which may help in better characterization of other features of thyroid nodules were not evaluated in our study. 
